Introduction
Micro-nano mechanical resonators can be used for high sensitive sensors, including force sensor [1] , resonant heat sensor [2] , and resonant pressure sensor [3] , etc. At large vibration amplitudes, these resonators often exhibit nonlinear responses and a bistable state in vibration amplitude under appropriate condition near the resonance. In this mechanical system, weak external signal can cause transition between two states. Addition of an appropriate amount of noise can enhance the detectivity of the resonator on the basis of stochastic transition. This kind of sensor can produce digital signal in a sensor itself. It may be also beneficial to directly connect to a digital circuit for signal processing.
Furthermore, the sensor can shows high sensitivity even under noisy environments.
In this paper, noise-enhanced response of a resonator to external optical stimulus is investigated and stochastic resonance [4] in a bistable resonator is demonstrated [5] . Furthermore, the transition induced with the optical stimulus is investigated.
Experiments and Results
Si resonators were fabricated from a silicon on insulator wafer using conventional microfabrication technology. The optical microscope image of a fabricated resonator is shown in Fig.1 . A resonator was driven in vacuum with PZT ceramic actuator, and the vibration was detected with a laser Doppler vibrometer and lock-in amplifier.
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1.5-μm-thick 30-μm-wide, 270-μm-long both-side-clamped resonator was driven at bistable frequency region and laser light was irradiated to the resonator. Optical power of the laser input to the resonator is estimated to be about 30 μW. Fig.2 shows the measured responses to the optical stimulation with the noise amplitude of (a) 0 V p-p , (b) 45 V p-p , and (c) 70 V p-p . At the applied noise voltage of 0 V p-p , transition between the states didn't occur though laser light was irradiated as shown in Fig.2 (a) . However, transitions occurred at 45 V p-p in synchronization with the irradiation pulses as shown in Fig.2 (b) . When 70 V p-p of noise is added, spontaneous transitions became dominant to the optically-induced transitions, as shown in Fig.2 (c) .
Thus, correlation between the input signal and the response has a peak at a certain amount of noise.
In this system, potential of the state is modulated with the laser light irradiation. When the light is irradiated to the resonator, the resonant frequency of the resonator shifted to lower frequency by photothermal effect. Fig.3 shows resonant frequency shift of the resonator with the laser light irradiation, as a function of driving frequency f drive . 50 Hz of resonant frequency change was observed.
The potential of the state changes with the resonant frequency shifts because the potential strongly depends on operating point to the resonant peak. The potential barrier height can be measured from the transition rates between the two states. The transition rate Г is given byГ=1/τ, where τ is the average residence time in the state. Fig.4 shows drive frequency dependence of the measured transition rates. S1 in the figure denotes the small amplitude state, S2 denotes the large amplitude state, Г 1→2 is the transition rate from S1 to S2 and Г 2→1 is the transition rate from S2 to S1. In this case, Г 1→2 decreases and Г 2→1 increases with the drive frequency and double-well potential shape will be symmetric at the drive frequency f c . S2 state is more stable than S1 state while f < f c and S1 state is more stable than S2 state while f > f c.
When the resonant frequency is shifted by external stimulus, the potential shape of the states is also changed and transitions would be induced. In this system, appropriate amount of noise can enhance the transitions.
In summary, noise-enhanced sensing using a nonlinear resonator was demonstrated. Transitions between the states occurred in synchronization with optical stimulus under appropriate noise condition. These transitions are induced by variation of potential shape caused by resonant frequency shift. This method is believed to realize robust sensors by adjusting the noise intensity.
